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LYMPHOCYTES AND THE TRANSPORT OF MELANIN
OBSERVATIONS IN THE INFLAMMATORY RESPONSE *
H. P. WASSERMANN, B.Sc., M.MED., M.D.
The accidental discovery of lymphocytes
containing melanin granules while studying the
inflammatory response in Bantut and Cape
Colored subjects and observations on the
mechanism by which these cells acquire the
granules, form the substance of this communica-
tion.
A method of producing skin windows in man
was described by Rebuck (2). It allows a study to
be made, at hourly intervals, of the cells partici-
pating in the inflammatory response. The normal
cellular sequence of neutrophiles, followed by a
sudden influx of lymphocytes morphologically
resembling the blood lymphucytc, which then
hypcrtrophy to become lymphocytogenous mac-
rophages, has been documented by several
workers, (3, 4, 5, 6, 7) using this technic. No
reference has been made to granules in lympho-
cytes in any of these reports.
In short term cultures of normal human skin
* From the Section of Clinical Physiology,
Department of Internal Medicine, Karl Bremer
Hospital, and the University of Stellenbosch,
Bellville, South Africa.
The observations reported here form part of a
M.D. thesis submitted to the University of Stel-
lenbosch. Facilities for these studies have been
provided in part by the Degenerative DiseasesGroup of the C.S.I.R.
t At the request of the Editor, the author has
defined the three categories of people comprising
the test groups as follows:
"In Africa the two main Sub-Saharan popula-
tions are the Negro and the Bantu. The Negro
residing in Western Sub-Saharan tropics are free
from Hamitic influence, while the Bantu, residing
in Sub-Zambesian Africa, is a group of people
with Hamitic admixture, grouped together on
common liguistic, cultural and anthropometric
characteristics. There is no white admixture in
either Negro or Bantu. The Cape Colored people
resident in the southwestern extremity of the
African continent found their origin from mis-
cegenation amongst Europeans, Malay- and Negro
slaves and indigenous Hottentots and Bushmen.
The whites are Caucasians of European extraction
resident in Africa. Skin color amongst the groups
overlap to a large extent. The whites vary from
blond to brown. The Cape Colored may be as
brown as the darker whites, or as dark brown as
the lighter Bantu. Bantu skin color varies between
dark brown and black. The lighter Bantu is de-
cidedly darker brown then the brownest white."
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and mclanomata Funan Hu (1) recently de-
scribed, inter alia, small round cells as follows:—
"Morphologically these cells resemble lympho-
cytes having distinct nuclei and scanty cytoplasm,
which may or may not contain melanin granules.
These cells arc believed to be young melanocytes
Occasionally these cells may be found intra-
cellularly inside the fibrocyte-like cells, may or
may not be Dopa-positive but always stain
supravitally with methylenc blue."
MEvII0D5 AND MATERIAL
Observations were made on 4 normal White
subjects, one normal Bantu male and 45 Bantu and
Cape Colored patients. The patients suffered
from various non-hematological diseases, e.g.
cerebrovascular accidents, cardiac failure, pleural
effusion and constrictive pericarditis. All patients
had a peripheral bloodcount within normal limits
at the time of study.
The technics used in this study are the skin-
window technic and blister technic described by
Rebuck (2).
For supravital staining a blister was raised by
liquor Epispasticus (B.P.C.) and after S hours
0.05 ml eggwhite was injected into the blister.
Methylene blue, 1% in normal saline (5), was also
injected at this stage but when aspirated after two
hours most lymphocytes were dead. Consequently
the technic was changed and the aspirate from a
blister was taken into a syringe containing the
methylene blue and immediately studied on a
warm stage enclosure.
Staining procedures carried out were:
(a) the Dopa-reaction using D-L dihydroxy-
phenylalanine (Nutritional and Biochemical
Corporation) according to the method of
Laidlaw and Blaekberg for peripheral blood
stains (9)
(b) Ammoniacal silver nitrate (Masson-
Fontana) (10)
(c) Ferri-Ferricyanide method for sulfydryl
groups'°(d) the method of Hueck to differentiate be-
tween melanin and lipofuscins (10)
(e) and for tyrosinase activity (Fitzpatrick) (11)
The observations were made on more than 2,000
preparations obtained from the 50 subjects.
OBSERVATIONS
In the White subjects the cellular response was
observed to be essentially as described by
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several previous investigators using this technic,
(3, 4, 5, 6, 7) and will not be described in full.
In the course of other experiments, with non-
White subjects, granules appearing in the lympho-
cytes were observed and these granules were so
conspicuous that it immediately diverted atten-
tion from studies planned to observe phagocyto-
sis of India Ink particles.
The granules could be identified as melanin as
previously described. (15) Sulfhydryl activity
could be seen as pale-blue areas in lymphocytes
without granules. In those cells containing gran-
ules the blue staining seemed more intense and
surrounded the granules. At the time when the
lymphocytes had hypertrophicd to macrophagcs,
some granules without the reaction were found
together with others in the same cell still exhibit-
ing a positive reaction. All granules reacting
negatively were found in some macrophages.
The reaction to a non-immune Antigen
(Eggwhite)
In all of the 46 non-White subjects investiga-
tion of the hourly preparations revealed that
melanin became discernible in ncutrophiles as
well as in the subsequent mononuclear phase.
The same pattern of events were observed in all
these experiments, differing only in the time of
appearance and number of pigmented leukocytes
present. The following description refers to
average times of the events, mainly concerned
with the handling of the pigment by the various
cells of the response.
During the first three hours neutrophilcs
appear as described by other workers (3, 4, 5, 6,
7). No pigment was observed at this stage.
From the fourth to sixth hour several neutro-
philcs containing dark particles approximately
the size of specific granules, were observed. In
White subjects these particles were not observed.
In an experiment where the skin scrapings of
a Bantu subject were applied to the lesion on a
White subject and where a control lesion was
made at the same time, these dark particles were
observed in the neutrophilcs on the test lesion
but not on the control lesion. A very marked
neutrophilic response set in after application of
Bantu scrapings, and persisted throughout the 18
hours of the experiment.
From about the sixth hour the neutrophiles start
to diminish in size again, the nuclei also staining
darker. Larger granules were now visible in
several neutrophiles and these granules had a
distinct green-black appearance. Occasional
monocytcs and histiocytes were found but a
steady increase in the number of small and
medium sized lymphocytes could be observed—
lymphocytes usually forming between 20 and 30%
of the total cell population.
At the ninth hour a sudden influx of small
lymphocytes appeared. These cells were morpho-
logically similar to the lymphocytes observed in
the peripheral blood. Their cytoplasm stained a
darker blue than the cytoplasm of the few
monocytes or histocytes still present and the
nuclei showed clumped chromatin in contrast to
the more wavy and thready chromatin, which
stained lighter, in the nuclei of histiocytes and
monocytes. Several neutrophiles containing
easily identifiable pigment granules could be
observed and the lymphocytes often contained
similar granules. On an average about 50% or
more of the lymphocytes contained these
granules. No free-lying granules were observed
on any of these preparations except occasionally
in the immediate vicinity of disrupted cells.
Many lymphocytes were to be seen arrested in
active movement and irregular outlines were
frequently observed. Interactions between
lymphocytes and neutrophiles became obvious
from this time and could be seen until about
the twelfth hour of inflammation. At every subse-
quent hour (from the ninth hour) a progressive
increase in size and in phagocytic activity was
found in the average lymphocyte population.
The cells assumed a monocytoid character and
eventually became macrophages at between 14
and 18 hours.
At the stage of neutrophile-lymphocyte
interaction connections in the form of short
processes are frequently seen between neutro-
philes and lymphocytes and at times long thin
processes containing pigment granules were
observed. Lymphocytes in various stages of
phagocytosing neutrophiles could be seen. At
times it would appear that a piece of neutrophile
cytoplasm is ingested, while on occasion a
neutrophile ingested in toto by a lymphocyte
could be found. Small fragments of neutrophile
cytoplasm seem to be shed in the surrounding
medium and free-lying neutrophile cytoplasm
fragments could be seen. Such fragments may
contain granules. Hypertrophied lymphocytes
with eosinophilic staining areas due to ingested
Melanin-Containing cells from the inflammatory exudate of Bantu and Cape Coloured subjects
Fin. 1. Neutrophiles at the sixth hour of the inflammatory reaction to the application of eggwhite on
a skin lesion produced by scraping away the epidermis. The neutrophile in the center contains several
melanin granules of varying sizes. Smaller particles are visible in the neutrophiles immediately below
this cell. (May Gruenwald Giemsa ca X 1114).
Fin. 2. Several neutrophiles and one lymphocyte at the 9th hour of inflammation. A cytoplasmic bud
containing melanin granules appears to be separating from the ncotrophile in the center. (Green filter)
(M.G.G. ca X 930).
Fin. 3. Six lymphocytes and three shrunken neutrophiles at the 12th hour of inflammation. The central
lymphocyte contains a large inclusion of dark green material while smaller granules can be seen in the
lymphocytes below and to the right of this cell. These cells show the early changes of hypertrophy i.e.
an increase in nuclear parachromatin, and indentation of nucleus. At subsequent hours this becomes
more marked and the cells assume a monocytoid appearance. (Green filter). (M.G.G. X 1000).
Fin. 4. Melanin containing lymphocytogenous macrophages at the 20th hour of inflammation. (Red
filter) (M.G.G. )( 930).
Mechanisms by which lymphocytes apparently obtain melanin granules from neutrophiles
Neutrophiles, as microphages, phagocytose small particles and by shrinkage, prior to the stage of
lymphocytic influx, condense these particles to clearly discernible granules.
Phagocytosis:
Fm. 5. Phagocytosis of one half of a neutrophile by a slightly hypcrtrophied lymphocyte. Note the
granules in the neutrophilic cytoplasm as well as in the thin rim of lymphocytic cytoplasm. (12th hour
of inflammation).
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FIG. 6. Phagocytosis of neutrophile in toto by small lymphocyte. Lymphocytes in various stages of
early hypertrophy are seen. (10th hour of inflammation).
Trensfer through processes:
Fxu. 7. Melanin laden process extending from lymphocyte to neutrophile partly overlying another
lymphocyte. (M.G.G. >< 920).
Fru. S. Dopa Reaction. (Nuclei hematoxylin). Dopa negative lymphocyte connected to Dopa posi-
tive macrophage by a long slender process. Dopa positive granules are visible in this process. (13th hour
of inflammation. ca X 1104).
''Pinocytosis'':
FIG. 9. The lymphocyte and neutrophile (single arrow) exhibits a similar appearance as in Fig. 10.
Lymphocytes (double arrows) contain neutrophilic cytoplasm and granules. Lymphocyte top center(crossed arrow) exhibits a process in the direction of the central neutrophile, with several areas staining
eosinophilic as the cytoplasm of the neutrophile. Note that most of the melanin granules are concen-
trated at the left of the neutrophile.
Fin. 10. Melanin containing neutrophile (arrow) in contact with lymphocyte (morphologically similar
to blood lymphocyte, 9th hour). A small "droplet" of neutrophilie cytoplasm in visible in the cytoplasm
of the lymphocyte. (ea X 920).
Fin. 11. Dopa Reaction. (Nuclei stained with haematoxylin). Phagocytosis of neutrophile in toto.
Note intense Dopa positivity in neutrophiles and Dopa negative cytoplasm of mononuclear cells.
Neutrophile (single arrow) has lost its positive reaction, while hypertrophied lymphocyte (double
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neutrophilic cytoplasm could often be seen. The
granules were often arranged around such an
area.
In the lymphocytes of non-White subjects
more and longer cytoplasmic processes were
observed than in the lymphocytes of White
subjects.
Fourteenth to eighteenth hour: The hyper-
trophy of lymphocytes to macrophages has been
considered previously (15). Vacuoles form in some
of these cells in association with the pigment
granules. Pigment granules often appeared to be
arranged around the edges of the vacuoles and
occasionally a vacuole seemed to start from the
center of a large pigment globule. Vacuoles
containing light green material could be seen
occasionally. It is at this stage that macrophages
with granules, which appeared to have lost their
sulphydryl reaction, were found.
The Dopa Reaction
The ncutrophilcs which appear early in the
reaction show Dopa-positivity as a grey-black
patch in the cytoplasm of practically all neutro-
philcs. The lymphocytes, as they first appear, are
mostly Dopa-negative. After, and at the stage of
lymphocyte-neutrophile interaction, lymphocytes
exhibiting Dopa-positivity, and progressively
more neutrophiles without any Dopa-positivity,
are found. The Dopa- activity appears to have
been transferred from neutrophile to lymphocyte
by a mechanism probably similar to that de-
scribed above for the granules.
Supravitat Staining
The normal Bantu subject used in some of
these experiments refused to have a blister
brought onto his arm. This experiment was
performed on a White subject only. The modifica-
tion (cf. Methods) allowed viable lymphocytes
to be observed on a warm stage enclosure under
phase-contrast microscopy for about 45 minutes.
They stained supravitally with methylcne blue
but most of these cells did not survive longer than
45 minutes.
The Reaction in White Subjects
S\Thcn specially sought for, occasional cells
containing smaller granules (usually a single
granule per cell) could be observed. The staining
of these granules are lighter than in the non-
White preparations. The darker particles and
granules in ncutrophiles were never observed and
the granules were found at a stage where marked
hypertrophy had already occurred in the lympho-
cytes.
In the experiment in which Bantu skin scrap-
ings were applied to the lesion of a White subject,
a very marked neutrophilic reaction occurred in
the test lesion and only occasional lymphocytes
were observed. The dark particles could be
observed in the neutropbiles and larger granules
were found in some of these neutrophiles but not
on the control lesion. In a few of the lymphocytes
typical granules could be observed, while the
control lesion revealed only 3 macrophagcs each
containing a single small light green granule.
The basic difference would thus appear to be the
larger amount of melanin available for phago-
cytosis in the non-White subject, as the cells in
the reaction of White subjects appears to handle
a larger amount presented to the response in the
same way as the non-White subjects.
DISCUSSION
The cells described by Funan flu (1) "morpho-
logically resemble lymphocytes". The observa-
tions reported here provide evidence that
lymphocytes in the inflammatory response can
obtain melanin, that some of them show Dopa-
positivity, and that the lymphocytes in the
inflammatory reaction stain supravitally with
mcthylenc blue. The fact that these cells were
observed inside fibrocytc-likc cells in the experi-
ments of Funan flu (1), exhibits a characteristic
which is unique for lymphocytes, the phenomenon
being named emperipolesis (12).
Lymphocytes were found to constitute 1—4%
of the epidermal cell population in man and in
rats (13, 14). They may thus appear in tissue
cultures of skin in the absence of a circulation.
Evidence in the literature at present seems to
support the contention of Mctchnikoff (16),
Ruffer (17), and Maximow (18), that lymphocytes
hypcrtrophy to become macrophagcs in the in-
flammatory reaction (3, 6, 19). The literature is
fully reviewed by Rebuck and Crowly (3) and by
Riis (6). Using the same staining procedures as
did Aschoff and Kiyono to delineate the reticulo-
cndothclial system, Rebuck, Boyd and Riddle
(19) could demonstrate with the skin window
technic that lymphocytes attain these staining
properties from the 9th to 14th hour of inflamma-
tion. Lymphocytes, by becoming macrophagcs,
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could act as melanophages. Our observations
show, however, that the lymphocytes obtain the
melanin granules at a stage where they are still
morphologically similar to the lymphocytes in the
peripheral blood. The active motility of the
lymphocyte is no longer disputed (20, 21) and
its phagocytic ability has been demonstrated,
albeit weakly, in the blood by Kosjewski, Emerick
and Dicus (22), and this ability increases pro-
gressively in the inflammatory reaction (3, 6).
These properties could enable the lymphocyte to
transport material which has been phagocytosed.
From their studies of the inflammatory re-
action to Thorium X, Pincus et al (23) suggested
that the normal symbiotic transfer of melanin to
Malphigian cells had been blocked by the
reaction. Becker et al (24) could demonstrate
granules lying free in the intercellular areas of
the upper epidermis. These observations raised
the question whether the ability of melanocytes
to discharge their granules has become impaired,
or whether the Malphigian cells became incapable
of accepting such granules due to intercellular
edema (23).
Recently Findlay (25) found, in histological
studies of skin after epidermal stripping with
Scotch tape, a clearing of melanin from the
basal layer during the first three days.
The cells in the inflammatory response (neutro-
philes and lymphocytes) might fit into the
sequence of events by collecting, concentrating
and dispersing the free-lying melanin granules
from melanocytes to Maiphigian cells.
The loss of sulfhydryl groups around some
granules at the macrophage stage, and vacuoles
containing light green material, suggest a break-
down of the contained melanin at the macrophage
stage.
Jacobsen and Klinck (26) suggested a circula-
tion of melanin in the body either in a colloidal
state or in bloodcells but they pointed out that
pigment "has probably rarely, if ever, been de-
tected in particulate form in the leukocytes of the
blood."
In the blood of Bufo vulgaris and other amphib-
ians, pigmented polymorphonuclear leukocytes
and monocytes were found to constitute 0.5—
0.7% of the leukocytes in the b]ood (27, 28). The
pigment stains dark green with Romanowsky
stains but was not identified as melanin. (See
color plate in Downey, ref. 28.)
The species in which pigmented leukocytes
were described, all have a preponderance of
lymphocytes in the peripheral blood (28).
Blood cells were found to phagocytose melanin
added to tissue cultures, and vacuoles forming
about such granules were observed in vitro (29).
More recently melanin-containing cells were
found in the placentae of pregnant women and
were more frequently found in women who had a
history of skin injury during pregnancy (30).
Macrophages containing melanin have been
described in the bone marrow of 3 cases with
metastatic melanoma (31).
The lymphocytosis reported in the blood of
Africans from various parts of the continent (32,
33, 34a, b, 35, 36) cannot be explained by the
altitude at which these people live (34b). In
Central Africa a neutrophile-lymphocyte ratio of
1:1.07 and 1:1.09 has been reported (33, 34a).
It is known that in conditions such as Addison's
disease, hyperthyroidism and cachexia, pigmen-
tary changes are to be found (37) and these condi-
tions are often accompanied by lymphocytosis,
absolute or relative (38).
The demonstration of placental melanin-
containing cells, especially after skin injury in
pregnancy (30) supports the suggestion of a trans-
port of melanin in the circulation (27). The
lymphocyte is indicated as a cell which could
perform this function in man but there is no con-
clusive evidence that lymphocytes re-enter the
circulation directly from the tissues (39).
Recent research on pigment biology has been
focussed mainly on local aspects, and the trans-
port of melanin through the body has received
little attention. In hyperpigmentation, e.g.
Addison's disease, the retention of melanin
within the body would be economically desirable,
and might be a consequence of the increase in
lymphocytes, thus retaining more melanin or
its degradation products for utilization by the
more active melanocytes.
The relationship of lymphocytes to hyper-
pigmentation appears to require more emphasis,
and justifies further investigation.
SUMMARY
In the inflammatory reaction of Bantu and
Cape Colored subjects, studied by a skin window
technic, it was observed that neutrophiles collect
very small particles of melanin. It would appear
that minute particles of melanin are clumped to
form larger particles as the neutrophiles diminish
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in size and this is transferred to lymphocytes by
processes which may be compared to pinocytosis
or a cytocrine transfer, as well as phagoeytosis of
neutrophiles by lymphocytes. Such mechanisms
were frequently observed on all preparations
from non-White subjects.
The lymphocytes with melanin correspond to
the description of small round cells observed in
the tissue culture studies of Funan Hu (1) but
she considered them to be young melanocytes.
A role in the transport of melanin for the
lymphocyte locally in the inflammatory reaction
and probably in the body as a whole, is suggested.
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